Background This study aims to examine cardiovascular risk factors in relation to all-cause mortality in elderly populations of different European countries.
Introduction
The relationship of cardiovascular risk factors to allcause mortality can be easily analysed in population studies originally designed for research into cardiovascular disease epidemiology. This problem is especially of interest when the study population has grown old. If one studies an elderly person who has died the underlying cause of death may be hard to establish because of the frequent occurrence of co-morbid conditions.
Within the Seven Countries Study on Cardiovascular Diseases [1] [2] [3] , five cohorts (two in Finland, two in Italy and one in the Netherlands) joined a new study on the elderly, which started in the mid 1980s, coinciding with their 25-year re-examination. The men were aged 65 to 84 years and the study was called FINE (Finland, Italy, Netherlands, Elderly). The adopted baseline field examination of this new study was followed by collection of mortality data during 10 years of follow-up. A report on the first 5-year experience [4] suggested that age and smoking habits were directly associated with future deaths, while other factors (blood pressure, HDL-and non-HDL-cholesterol and body mass index) did so in a parabolic fashion, although many uncertainties remained about their precise role.
The purpose of the present study is to investigate the associations between cardiovascular risk factors and 10-year all-cause mortality. We hypothesized that the measured cardiovascular risk factors are still predictive of all-cause mortality in these elderly populations.
Material and Methods
The FINE study extends the Seven countries Study on Cardiovascular Diseases beyond the 25 years of followup. It includes the two Finnish cohorts (both rural) known as East Finland (EF) and West Finland (WF), the Dutch cohort from the small town of Zutphen (ZU), and the two rural cohorts located in the villages of Crevalcore (CR) and Montegiorgio (MO), in Northern and Central Italy, respectively.
The start of the study was fixed at the time of the 25-year anniversary re-examination, held in 1984 (Finland) and in 1985 (the Netherlands and Italy), when the men were aged 65 to 84 years. On that occasion new rosters were defined by identifying those individuals still alive in Finland and Italy. In the Dutch area of Zutphen a new 2/3 statistical sample of men in the same age range (65 to 84 years) was enrolled and examined for the first time in 1985 and added to the survivors of the original Zutphen cohort. This latter cohort dating from 1960 was a 4/9 statistical sample of the resident male population aged 40-59 years. Altogether, at the baseline of the FINE study, 716 men were examined and enrolled in Finland, 887 in the Netherlands and 682 in Italy, and in total numbered 2285 men. The participation rate was 92% in Finland, 74% in the Netherlands and 76% in Italy.
The entry examination of the FINE Study included measurement of the following risk factors: Age was measured in years, rounded-off to the nearest birthday. Blood pressure was measured in the supine position, at the end of a physical examination or after 10 min rest, by a mercury sphygmomanometer (random-zero in the Netherlands), following the procedure suggested in the WHO Cardiovascular survey Methods Manual [5] . Total and HDL-serum cholesterol were measured in blood samples (non-fasting in Italy and Zutphen), using enzymatic methods. The laboratories were under quality control of the WHO Lipid Reference Center of Prague and the CDC Center in Atlanta, and technical details are reported elsewhere [6] ; for the purpose of this analysis, the variable non-HDL-cholesterol has been created as the difference between total and HDL-cholesterol, a proxy for LDL cholesterol. Height (cm) and weight (kg) were measured in light undergarments following the procedure suggested by the WHO Cardiovascular Survey Methods Manual [5] ; and the body mass index (kg . m 2 ) was calculated. In Finland height was not measured in 1984; the measurements taken in 1959 at the beginning of the Seven Countries Study were used instead. Smoking habits were elicited by a questionnaire originally designed for the Seven Countries Study. The subjects were classified as never having smoked, exsmokers or current smokers. Heart rate was measured on a resting ECG record (average of rate in leads I and V 6 in Italy and in the Netherlands, while in Finland it was measured by pulse rate count).
Mortality data were collected during 10 years of follow-up. Only six participants were lost to follow-up (two in Italy, four in the Netherlands). Death certificates were coded using the 9th Revision of the WHO-ICD [7] , by a single investigator. Only all-cause mortality is used in this paper.
Univariate analyses were performed by computing age-adjusted death rates in tertile classes or other arbitrary classes of risk factors. Tests of proportions were calculated for extreme rates for each risk factor. Multivariate analyses were carried out using the Cox proportional hazards model [8] for the prediction of 10-year all-cause mortality, as a function of risk factors. These analyses were done for each country and pooled for all groups together. Dummy variables identified the cohorts or the countries when more than one cohort or country was included in a model. The models included age, systolic blood pressure, HDL-cholesterol, non-HDL-cholesterol, body mass index, smoking habits, and heart rate. For some variables, both linear and quadratic terms were added to the models because the univariate analysis suggested the possibility of U-shaped relationships.
Results
Mean levels of cardiovascular risk factors at the baseline of the FINE study are reported in Table 1 . Age was similar in the three countries, but significantly higher in Italy. Systolic and diastolic blood pressure were definitely higher in Italy than in Finland and the Netherlands. Mean levels of total cholesterol were the same in Finland and the Netherlands, but significantly lower in Italy. The same was true for non-HDLcholesterol. Levels of HDL-cholesterol were significantly higher in Italy, and lower in the other two countries. Body mass index was somewhat higher in Italy, intermediate in Finland and lowest in the Dutch men. Mean heart rate was similar in Finland and in Italy and significantly higher in the Netherlands. Prevalence of smokers was highest in the Netherlands, intermediate in Italy and definitely lowest in Finland. The reverse was true for ex-smokers. Ten-year all-cause death rate was highest in Finland (574 per 1000), and similar in the Netherlands (475 per 1000) and Italy (466 per 1000).
All-cause age-adjusted death rates were computed in tertile classes of risk factors and in three arbitrary classes for smoking habit. Relative risks were computed comparing rates in tertile 1 with those in tertiles 2 and 3 ( Table 2 ). Systolic and diastolic blood pressure were not related to all-cause mortality in any of the three countries. In Finland, total and non-HDL-cholesterol were inversely related to all-cause mortality. A similar but not statistically significant association was observed for HDL cholesterol. Total HDL-and non-HDLcholesterol were not associated with all-cause mortality in Italy and the Netherlands. Body mass index was inversely related to all-cause mortality in all three countries. A significant difference between rates in tertile 3 vs tertile 1 was only found in Finland. The highest death rates were found in tertile 3 of heart rate in the three countries, and the difference with tertile 1 was significant in the Netherlands and Italy. In all three countries current smokers had the highest death rate.
The results of multivariate analyses are presented in Table 3 . In Finland smoking habits and heart rate were positively associated with all-cause mortality and HDL-cholesterol and body mass index inversely. In the Netherlands age, heart rate and smoking habits were also positively related to all-cause mortality and in Italy only age and heart rate.
In the pooled analyses for the three countries age, heart rate and smoking were positively associated with 10-year all-cause mortality (Table 4) . HDLcholesterol and body mass index were inversely associated. Systolic blood pressure was marginally associated 
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and non-HDL-cholesterol was not related with all-cause mortality. Men in West Finland were at lower risk compared with men in East Finland. The lowest risk was observed in the Dutch and Italian cohorts. Besides linear models parabolic relationships were also studied by adding quadratic terms for the risk factors, which suggested a non-linear relationship in univariate analyses e.g. HDL and non-HDL-cholesterol. Consistent associations for the linear and quadratic component of the associations between HDL and non-HDL-cholesterol and 10-year all-cause mortality were found in Finland, the Netherlands and the pool of the three countries (results not shown).
In order to study the influence of morbidity on the association between cardiovascular risk factors and 10-year all-cause mortality we excluded deaths occurring in the first 5 years of follow-up (Table 5 ). In this analysis age, systolic blood pressure, heart rate and cigarette smoking were positively associated with all-cause mortality. Non-HDL-cholesterol and body mass index were not related.
Another side-analysis was conducted exploring the possible role of drug therapy, that is common in these older men, on coefficients of cardiovascular risk factors. Only antihypertensive drugs were systematically and uniformly coded in the three national groups and therefore only these were considered. Prevalence of antihypertensive treatment was common overall in Finland and Italy (34% of all men) but relatively rare in the Netherlands (12%). All-cause death rates in 10 years were systematically higher among those taking antihypertensive drugs compared with those who did not (67% vs 51% in Finland; 58% vs 46% in the Netherlands; 50% vs 41% in Italy). The inclusion of antihypertensive treatment as a dummy variable in proportional hazards equations produced positive and highly significant coefficients for this covariate in Finland, the Netherlands and in the pool, but not in Italy. The hazards ratios ranged between 1·21 in Italy and 1·83 in Finland. However, no substantial influence was noted on the magnitude of risk factor coefficients that maintained the same significant levels as in the equation without the inclusion of antihypertensive treatment. A further analysis segregating those who took drugs from those who did not, did not reach any clear-cut conclusion due to the small numbers involved. 
Discussion
The results of the present study suggest that age, heart rate and smoking are important predictors of all-cause mortality in elderly men. HDL-cholesterol and body mass index were inversely related to all-cause mortality, but these associations were no longer statistically significant when the men who died during the first 5 years of follow-up were excluded. In contrast, systolic blood pressure was only positively associated with all-cause mortality after exclusion of early death. Non-HDLcholesterol was unrelated to all-cause mortality. The overall findings of the present study differ from those found after the first 5 years of follow-up [4] . On that occasion most risk factors other than age, heart rate and cigarette smoking had a distinct parabolic relationship with all-cause mortality. In this long-term experience, non-HDL-cholesterol was not predictive of all-cause mortality. HDL and body mass index were inversely related to all-cause mortality, but these associations were no longer statistically significant when the first 5 years of death were excluded. This suggests that with increasing age at death an early parabolic relationship of some risk factors with all-cause mortality may become inverse and even non-existent after excluding early death. These results emphasize the great importance of sufficient follow-up periods and the exclusion of morbid conditions by excluding early death in prospective studies on risk factors and mortality in the elderly.
Cigarette smoking was consistently associated with all-cause mortality after 5 and 10 years of follow-up in elderly men from Finland, the Netherlands and Italy. These results are consistent with those found in a 5-year follow-up study carried out in the U.S.A. among persons aged 65 and older [9] . In an Italian study on persons aged 80 and over no association was found between cigarette smoking and all-cause mortality [10] . The results of the present study show that in elderly men the risk by former smokers did not differ significantly from that of those who had never smoked. This suggests that even in elderly men there is a health benefit in stopping smoking.
The coronary risk of former smokers declines quickly after stopping, although a slight excess may persist for many years [11] . Heart rate is an important risk factor for cardiovascular mortality [12] . The present study shows that heart rate is an important independent predictor for both 5-and 10-year all-cause mortality in elderly men from Finland, the Netherlands and Italy. A recent paper from the Framingham Heart Study showed that reduced heart rate variability in the elderly is an independent risk factor for all-cause mortality [13] . There is increasing evidence that heart rate (variability) is an independent risk factor for all-cause mortality, indicating a protective effect of physical activity. A low heart rate is associated with a high level of physical activity [14] . In the present study, non-HDL-cholesterol, an indicator of LDL-cholesterol, was not related to all-cause mortality in any analysis. A direct relationship between total cholesterol and all-cause mortality was only found in cases with a very long follow-up period between cholesterol measurement and events or when measurements were taken at relatively young ages [15, 16] . In the case of measurements at old age no, uncertain or inverse associations were found [10, [17] [18] [19] [20] [21] [22] . The direction of the association may depend upon age, gender and ethnicity [23] . In this study, parabolic relationships were shown between both HDL-and non-HDL-cholesterol on one side and all-cause mortality on the other, but they were lost when early deaths were excluded.
HDL-cholesterol was inversely related to all-cause mortality in Finland and in the pooled data of Finland, the Netherlands and Italy. However, this association was influenced by morbid conditions present in these elderly men at the baseline study. In an analysis in which early death was excluded, the inverse relationship between HDL-cholesterol and all-cause mortality was no longer statistically significant in healthy elderly men.
In the present study, systolic blood pressure was not associated with all-cause mortality in elderly men from Finland, the Netherlands and Italy. However, in a pooled analyses excluding early death, a positive 
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significant association between systolic blood pressure and all-cause mortality was observed. These results indicate that in healthy elderly men systolic blood pressure may still be a predictor of all-cause mortality. Also in some other reports a positive relationship was observed between blood pressure and all-cause mortality [24, 25] . However, no relationships, conflicting results and inverse associations have also been reported [26] [27] [28] [29] [30] . This may be due to differences in age, health status and treatment in different populations of elderly persons [31, 32] . Our data suggested an inverse relationship between body mass index and all-cause mortality. This inverse relationship was no longer statistically significant after exclusion of early death. In the NHANES follow-up study, a curvilinear association was found between body weight and mortality in older persons [33] . The Copenhagen Study showed that the inverse relationship between body weight and mortality was partly explained by recent changes in weight or co-morbidity [34] . In fact, low body weight in the elderly may be the consequence of a serious disease, psychiatric disorders followed by anorexia, social factors, changes in food regulation, taste and olfactory sensitivity, loss of teeth, drug-nutrient interactions, etc. [35] . The results of the present study suggest that in healthy elderly men, body mass index is probably not related to all-cause mortality.
The results of the present study showed that the health status of the elderly is important in judging relationships between cardiovascular risk factors and mortality. Comorbidity occurs frequently in the elderly and is critical in the understanding of the impact of risk factors on longevity [36] . In the present analyses the problem has been tackled by excluding early death in order to select a relatively healthy subgroup of the population. More detailed analyses on co-morbidity have been submitted elsewhere. At the same time, after this introductory exploration of the role of traditional cardiovascular risk factors on all-cause mortality, attention is moving toward the association between the same factors and functional capacity, quality of life, disability, selfsufficiency and depression, since information on these topics is available in this study.
The relatively common use of antihypertensive drugs did not show any real influence on the magnitude of risk factor coefficients. The paradox of the positive and significant coefficients estimated for drug use is in contrast with the outcome of many clinical trials [37] , but is easily explained by the selection made by the practising physician in deciding when and to whom to prescribe antihypertensive drugs.
In conclusion age, heart rate and cigarette smoking were important predictors of all-cause mortality in the following 10 years in these European cohorts of elderly men. Non-HDL-cholesterol was not associated with all-cause mortality. Unequivocal associations were not found for HDL-cholesterol, blood pressure and body mass index. The observed associations for these risk factors were dependent on in-or excluding early death. The results of the present study suggest that lifestylerelated risk factors e.g. smoking and heart rate (an indicator for physical activity) remain important predictors of longevity in elderly men in different European cultures.
